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J
TIME CONTROLLED LIGHT DIMMER

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to light dimmers, and more
particularly to devices for variably controlling the dim-
ming of traffic lights in accordance with predetermined
twilight schedules.

2. Background Art

It is known to use clock timers to control various
electrical devices, such as lights, radios, and the like.
Such devices typically suffer from the disadvantage of
fixed times for turnlng devices on and off, and of failing
to reSpond to varying requu'ements without manual 13
supervision.

The use of light sensitive devices for controlling
lighting apparatus to operate during times of darkness is
known. However, such controls arée known to suffer
from a disadvantage of reliance on light conditions, so
that the apparatus may be turned on during daylight
hours, for example, as a result of cloudy atmospheric
conditions.

There is no provision made in the prior art, however,
for control of power consuming electrical apparatus in
a reliable manner, in which electrical power supplied to
the apparatus is automatically altered as a function of
daylight times yet independently of actual llght mea-
surement. |

SUMMARY AND OBJECTS OF THE
INVENTION

It 1s accordingly a primary object of the present in-
vention to provide a control device overcoming the
disadvantages of the prior art.

It 1s a more specific object of the invention to provide
a light dimmer for traffic lights, operative to dim such
lights during the hours between sunset and sunrise.

Yet another object of the invention is the provision of
a daylight controlled, yet light independent, device for 40
dimming traffic lights, in which light sensitive control
devices are not required.

Still a further object of the invention is the provision
of an electronically operated control device for varying
the power supplied to electrical devices in accordance
with a stored time table having the operating times for
an entire year stored therein.

It 1s an additional object of the invention to conserve
electrical energy supplied to a device in accordance
with a schedule for reduction of power supplied
thereto, the schedule having variable times for such
reduction being electronically stored.

Yet a further object of the invention is the provision
of an economical method and apparatus for providinga
variable control for power reduction in accordance 55
with a predetermined schedule, in which one type of
control is effected in one time segment (e.g., AM times)
and another type of control is effected in another time
segment (e.g., PM times), and in which a signal indica-
tive of present time and time segment is compared with
stored times in the schedule, the comparison taking
different forms for the different time segments.

The present invention accordingly provides an elec-
tronic control circuit, including a storage device for a
schedule of control times for an entire year, in which a
comparison of the present time and stored time for a
particular day is performed and evaluated in accor-
dance with a determination of whether the present time

10

20

25

30

45

30

60

65

35

2

‘is AM or PM. The invention provides circuitry for

activating or deactivating a power reduction device in
accordance with the results of the comparison. More-
over, the invention provides addressing circuitry for the
storage device which is itself responsive to a signal
indicative of whether the present time is AM or PM.

In accordance with other features of the invention,
the circuitry includes a day counter and a week counter,
the latter being used to address the storage device
which includes therein a schedule of twilight times for
a spectfic latitude for an entire year, stored as weekly
twilight times. The day counter is responsive to genera-
tion of a transition between a PM signal and an AM
signal, and itself is used to trigger the week counter.

‘A display means is provided for the electronic data
used in the control circuit, and more specifically for the
present time, the contents of the day counter, and the
contents of the week counter. The data are multiplexed
for display on a single display device.

The electronic device of the present invention is used
for conserwng electrical energy by dimming traffic
lights in accordance with a predetermined schedule,
determined by sunrise and sunset times for the location
of the traffic lights.

BRIEF DESCRIPTION OF THE DRAWING

The foregoing and other objects, features and advan-
tages of the invention will become more readily appar-
ent upon reference to the following detailed description
of the preferred embodiment, when taken in conjunc-
tion with the accompanying drawing in which llke
numbers refer to like parts. -

FIG. 1 shows the 1nventwe circuit in generalized
block diagram form.

FIG. 2 shows a portion of the actual circuitry used to
realize the embodiment of FIG. 1, in schematic repre-
sentation.

FIG. 3 shows a further portlon of the embodlment of

FIG. 1, including the counters for days and weeks and o

a multiplexing arrangement therefor.

FIG. 4 shows the display portion of the invention,
along with a switching arrangement for displaying the
time or the contents of the day and week counters
thereon.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

In accordance with the present invention, an appara-
tus is shown for reducing the voltage applied to traffic
signal lights during nightime operating hours to effeci
substantial savings in energy consumption thereby. It is
appreciated that the disclosed apparatus, or similar,
moderately varied versions thereof, may be used in
other applications, including but not limited to control
of motors, lighting, assembly line devices, power distri-

bution, and the like. |
Referring now to FIG. 1, the present embodiment of

the invention is generally shown at 10. As seen therein,
the invention is comprised of three basic portions.

A first portion, identified by reference numeral 12,
includes therein the various timekeeping devices, stor-
age devices, comparison and logic circuitry, and acti-

vating circuitry for the dimming device. A second por-

tion, identified by reference numeral 14, includes the
day and weeks counters used in the invention, as well as
a multiplexing arrangement for the outputs thereof.
Finally, a third portion, identified by reference numeral
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16, includes a display apparatus, receiving the output of
the multiplexing arrangement and of the clock mecha-
nism for display, and a control means therefor.

Referring to the first portion 12, a storage device 18
1s provided for storing time data, or schedules, for acti-
vating or deactivating a dimming device for the lights
to be controlled.

A clock 20 is provided for keeping present time, the
clock providing outputs on lines 22, containing the time
data, and on lines 24, containing control data. The time
output data on lines 22 i1s provided in seven-segment
format, for display on seven-segment display devices. A
strobe generator circuit 25 uses the control signals to
provide strobe signals to the display. A decoding circuit
26 is provided for converting the seven-segment data on
lines 22 to BCD (binary coded decimal) format, for use
in comparison and other computation functions.

The decoded present time data, provided on output
Iines 28 of decoding circuit 26, 1s compared with the
stored schedule data from storage device 18, provided
on output lines 30 thereof. The comparison of the pres-
ent time with the stored time data is made in a compara-
tor 32, providing an output on line 34 indicative of
whether present clock time i1s greater or less than the
time output from storage device 18.

A logic device 36 receives the output of comparator
32 and, responsive thereto, operates an activating cir-
cuit 38 for a dimmer (not shown). Inasmuch as a com-
parison transition from a “less than” comparator output
to a “greater than’ output is indicative that the present
time has passed the scheduled point of activation, but is
not indicative of whether the activation should be ener-
gization or deenergization of the dimmer, additional
information is provided to the logic device for deciding
on the appropriate response to the transition.

An AM/PM circuit 40, responding to the decoded
time output by decoding circuit 26, provides an indica-
tton on output line 42 of the particular time segment
(AM or PM) identifying the present time. Logic device
36, determuning that comparator 32 has undergone a
transition during an AM interval, thus provides an out-
put to activating circuit 38 indicating that the dimmer
should be deactivated, in order to provide full lighting
intensity during daytime. On the other hand, when logic
device 36 determines that the transition of comparator
32 occurs during a PM interval, the output signal pro-
vided thereby is used to cause activating circuit 38 to
activate the dimmer, thereby reducing the light inten-
sity during the evening and night hours, and providing
the desired saving in energy dissipated by the controlled
traffic light. |

The data stored in storage device 18 thus need not
include any control data (i.e., “activate” or “deacti-
vate”’) information, but need only include comparison
times representative of sunrise and sunset, for example.
Such control data may be stored, however, along with
the desired comparison times, in which case the logic
device 36 may be replaced by a decoding circuit to
provide the appropriate output to activating circuit 38
in response to the appropriate stored control data.

It is appreciated that actual dimming and brightening
times for the controlled traffic light devices need not
coincide with sunset and sunrise. These control times
may, in fact, provide for dimming the lights a particular
time increment after sunset, and may provide for bright-
ening the lights a similar time increment prior to sunrise.
Moreover, i1t is understood that where other devices are
to be controlled by the present invention, the times for
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activating and deactivating the power reduction device
need not have any relationship with times for sunrise or
sunset. Any desired time scheduling may be used. How-
ever, for simplicity and consistency in language herein,
the terms sunrise and sunset continue to be used to
indicate the stored times in storage device 18 for deacti-
vating and activating the power reduction device.
Further, in such other applications not related to
sunrise and sunset times, it may be more convenient to
determine other time segments than AM or PM times.

For example, where one control signal (e.g., activate
power reduction device) is typically given in a first time

segment, such as 3:30 PM to 10:00 PM, and the other
control signal (e.g., deactivate power reduction de-
vice)) 1s typically given in a second time segment, such
as 10:01 PM to 3:29 PM, then AM/PM circuit 40 may
be replaced by a detector for the output of decoding
circuit 26. The detector need only provide a first signal
during the first time segment, and a second signal dur-
ing the second time segment, for instructing logic de-
vice 36 on how to respond to the determination that a
transition has occurred in the output of comparator 32.

It is an advantage of the present invention that a
schedule of non repetitive times for activating or deacti-
vating any device may be stored. The schedule may
cover an arbitrarily long time period, such as a year, for
example. A year i1s a particularly appropriate time per-
iod for light dimming devices, inasmuch as sunrise and
sunset times vary at a yearly repetition rate. For the
specific preferred embodiment, wherein traffic control
lights are dimmed during the night-time hours, it is
known that sunrise and sunset times vary relatively
slowly, and that for predetermined periods of time they
may be considered to be relatively constant. Particu-
larly, 1t is known that the changes in sunrise and sunset
times over any one-week period are typically himited to
a few minutes at most. | |

As a savings in storage requirements, the present
invention accordingly stores the activating and deacti-
vating schedule in terms of the selected time periods
where such schedule times vary by the above men-
tioned few minutes. That is, only weekly sunrise-sunset
time schedules are stored in storage device 18.

Whether the time period during which the stored
schedule may be considered to remain substantially
constant 1s a week or any other period, however, appa-
ratus is provided for counting such periods, in order to
address the particular data in storage corresponding to
the particular present period. In the present preferred
embodiment, second portion 14 is seen to include a day
counter 44 and a weeks counter 46, the output of the
weeks counter being used to address storage device 18
at its address inputs 48. The day counter is triggered by
detection of transition of AM/PM circuit 40 to an AM
output. Accumulation of a count of seven days in day
counter 44 is used to cause weeks counter 46 to incre-
ment 1ts count by one.

Thus, for any day within a particular week, the sun-
rise/sunset schedule for that day is obtained from a
location within storage device 18 which is addressed by
the contents of weeks counter 46. The embodiment of
FIG. 1 further provides for obtaining the particular
time for comparison (i.e., sunrise or sunset) from the
storage device by a further address input 50, receiving
the output of AM/PM circuit 40.

The appropriate comparison time is thus obtained by
a combined address, formed of the week number and an
indication of AM or PM time segment, compared with
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present time in comparator 32, and appropriate action
taken by logic device 36 in accordance with the AM or
PM status.

For convenience of the user, the present invention
includes a display 32, for displaying the present time, 5
the contents of the day counter, and the contents of the
week counter. A multiplexing arrangement, shown as
multiplexer 54, 1s used to provide the contents of count-
ers 44 and 46 to the di5play A control 56 is provided for
controlling display 52, in order to display the contents 10
of clock 20 or counters 44 and 46.

Referring now to FIGS. 2-4, the detailed structure of
the present invention is shown in terms of specific inter-
connections of commonly available circuit chips. As
shown In FIG. 2, clock 20 is comprised of a2 24 hour
clock chip of the type 7045, timed by a quartz crystal
58, which supplies multiplexed, seven-segment encoded
hour/minute information together with five digit
strobes. Four of the strobes are used to excite the four-
digit, seven segment display of FIG. 4 and for latching 20
digit information into decoding circuit 26, formed of
four seven-segment to BCD decoders of the type
74C915. A fifth strobe 1s used as a system trigger for
proper timing of comparison and control functions.

The strobe signals are processed by strobe generator 25
circuit 25, formed of a plurality of NAND gates receiv-
ing one input from an inverting amplifier at the output
of the clock chip and a second input from a control
switch for deactivating the display.

The schedule of morning and evening twilight data, 30
ordered by week from 1 to 52, 1s stored in a pair of
programmable read only memory chips of the type
2758. The information i1s arranged within the PROMS
as follows. Locations & through 52 contain the sunrise
information, by week, and locations 101 through 152 35
include sunset information, by week.

The AM/PM circuit 40 is seen to decode the BCD
time information, output by the seven segment to BCD
decoding circuit 26, by setting a flip flop (type 4027, for
example) in response to a time of 23 hours, 40 minutes 40
and resetting the flip flop at 12 hours, 0 minutes. The
setting of the flip flop at 23 hours 40 minutes, instead of
at O hours, O minutes, is chosen for hardware and space
limitations, and does not affect operation of the circuit
inasmuch as none of the stored times are in the range of 45
11:40 PM to midnight. ‘ |

The outputs of the decoding circuit 26 and the
PROMs are compared in comparator 32, formed of four
4-bit comparators of the type 74C835. The results of the
comparison, along with AM and PM outputs of circuit
40, are provided to logic device 36, formed of a number
of AND and OR gates connected to set and reset a
second 4027 flip flop. As will be appreciated by those
skilled in the art, logic device 36 sets flip flop 4027,
which forms activating circuit 38, when the output of 55
circuit 40 indicates an AM situation and the present
time is less than the stored (sunrise) time, or when the
output of circuit 40 indicates a PM time and the present
time is greater than the stored (sunset) time. Alterna-
tively, activating circuit 38 is reset when it is AM and
the present time is greater than the stored time, or when
the present time is less than the stored (sunset) time and
the output of circuit 40 indicates PM. The output of
activating circuit 38 provides a signal to a low pass
circuit, formed of a capacitor 60 and a resistor 62, and 65
then to a relay for energizing the dim control circuit.

The multiplex rate of the clock is approximately 100
Hz, which 1s also used as the rate for comparisons and
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logical decistons in the tnventive circuit. Provision of
the low pass circuitry is advantageous in filtering out
any faulty comparisons, which are made at the 100 Hz
rate, prior to activating the energizing relay 64 for the
dim-control circuit, thus correcting errors prior to dis-
playing the results of such errors.

“A transition in the output of AM/PM circuit 40 from
PM to AM 1s used to cause day counter 44, formed of
one half a 4518 counter, to count an additional day, as
seen 1n FIG. 3. Upon reaching a count of seven days,
gating circuitry 66 is used to cause weeks counter 46,
formed of a 4518 counter as well, to advance its count.

As seen in FIG. 2, the eight outputs of weeks counter
46 are used to address eight of the input address lines of
the PROMs used for storage device 18. The ninth ad-
dress line is addressed by the PM output line of
AM/PM circuit 40. The combined address inputs thus
access locations 1-52 and 101-152, as previously de-
scribed, and provide the appropriate stored time infor-
mation (sunrise or sunset) for comparison with the ap-
propriate present time segment (AM or PM, respec-
tively).

Referring once again to FIG. 3, multiplexer 54 is seen
to be formed of a plurality of AND and OR gates to
provide a single set of four BCD outputs from three
input sets of four BCD inputs, each. Referring now to
FI1G. 4, the four multiplexed BCD outputs from FIG. 3
are seen to be input to a BCD to seven-segment decoder
68, formed of a 4511 chip. The inputs are provided at 70.
As 1s also seen from the Figures, the seven-segment
clock outputs at 22 are also input to the display, to a
plurality of enabling AND gates each having one input
connected to control 56. Control 56 comprises a switch
72 for grounding and disabling the AND gates, thereby
passing the output of BCD to 7 segment decoder 68 for
display. Alternatively, the switch may be used to dis-

- able the decoder 68, and to pass the output signals from

clock 20 for display. |

The output signals from strobe generator circuit 25
are used to strobe the appropriate one of the four digits
in the display, thus providing either the time (in hours
and minutes) of the day and week count for display in
the apparatus.

It 1s appreciated that the above described preferred
embodiment may also be realized using a single chip
microprocessor to implement the timekeeping, compar-
ison, storage and display maintenance functions simi-
larly to the above described structure. Moreover, in
terms of the schedules of twilight times, sunrise and
sunsets, and the like, stored in the circuit, it is known
that such schedules are a function of the geographical
latitude of the observer. Accordingly, it is contemplated
that complete tables of sunrise and sunset times may be
stored permitting accessing or computation of precise
twilight times for any number of latitudes. One contem-
plated approach is to provide tables encompassing the
latitudes from zero to 63° north and south, as well as
tables varying by one degree increments of longitude
within a time zone.

In order to assure long term accuracy of clock out-
put, the timekeeping function preferrably is connected
to operate with a power supply from standard 50 Hz or
60 Hz AC power, and with a quartz reference when line
power is not available. Backup battery power is to be
provided for operation during interruptions in line
poOwer. |

The preceding specification describes the preferred
embodiment of the invention as an illustration and not a
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limitation thereof. It is appreciated that equivalent vari-
ations and modifications of the invention will occur to
those skilled in the art. Such modifications, variations
and equivalents are within the scope of the invention as
recited with greater particularity in the appended
claims, when interpreted to obtain the benefits of all
equivalents to which the invention is fairly and legally
entitled. | |

* What is claimed 1is:

1. Control apparatus for reducing power supplied to

utilization devices comprising:
(a) storage means for storing particular tlmes for

providing said reduced power;

(b) time keeping means for determining present time;

(c) comparing means for comparing present time with
said stored times for providing said reduced power;
and 1

(d) activating means responsive to said comparing
means for providing appropriate power to said
lighting devices.

2. Control apparatus according to claim 1 wherein
said storage means comprise a plurality of storage loca-
tions corresponding to a plurality of time periods each
including a number of days having substantially simiiar
~ sunrise and sunset times, each storage location storing
sunrise or sunset time for a particular one of said time
periods.

3. Control apparatus according to claim 2 wherein
said utilization devices comprise lighting devices.

4. Control apparatus according to claim 3 wherein
said time periods comprise weeks, said plurality of stor-
age locations including bit configurations representative
of weekly sunrise and sunset times for a particular geo-
graphic location, said storage means further comprising
addressing means for addressing said storage locations.

5. Control apparatus according to claim 4 further
comprising day counting means and week counting
means, for counting days and weeks, respectively, and
for addressing said storage means, and display means for
displaying said present time, said day count and said
week counts.

6. Control apparatus according to claim 2 further
comprising means for counting said time periods for
addressing said storage locations.

7. Control apparatus according to claim 6 further
comprising means responsive to said time keeping
means means for generating a signal indicative of partic-
ular time segments.

8. Control apparatus according to claim 7 wherein:

said time segments comprise ante-meridian and post-

meridian times;

said storage means comprises addressing means for

addressing said storage locations for said sunrise
and sunset times for a particular one of said time
periods, including

means responsive to satd ante-meridian and post-

meridian signal for addressing a selected one of said
sunrise or said sunset times for said particular time
period.
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9. Control apparatus according to claim 8 wherein
said comparing means provides a signal indicative of a
comparison of present time with said selected one of
said sunrise or sunset times addressed by said ante-
meridian and post-meridian signal.

- 16. Control apparatus according to claim 9 wherein
said activating means includes logic means responsive
to said signal indicative of said comparison and to said
ante-meridian and pﬂst-meridian signal for reacting to a
result of said comparison differently for ante-merldlan
times and for post-meridian times. |

11. Control apparatus according to claim 10 wherein
said activating means comprises flip flop means for
operating a relay to activate a control means for reduc-
ing power to said utilization device.

12. Control apparatus according to claim 11 further
comprising display means for displaying the count of
said means for counting said time permds and the time
kept by said time keeping means.

13. Control apparatus according to claim 12 further
comprising multiplexing means for displaying said
count and said time on a single display.

14. A method for providing controls for application
of power to utilization devices comprising the steps of:

(a) storing a table of individual times for applying said
control during one of a plurality of time segments
of individual days and for removing said control
during another of said time segments of said indi-
vidual days;

(b) counting individual days for addressing said
stored table to obtain said individual times;

(c) in a comparing means, comparing present time in
an individual day with individual times obtained
from said stored table;

(d) responding in a logic means to said comparison by
applying or removing said control for application
of power to said utilization devices; and |

(e) providing a signal indicative of the present time
segment to said logic means for causing said logic
means to apply said control in one of said time
segments and to remove said control in another of
said time segments.

15. The method according to claim 14 further com-
prising the step of counting periods of said 1nd1v1dual
days, wherein:

said storing step comprises the step of storing times
for applying said control and for removing said
control for periods of said individual days;

whereby the tables stored in said storing step are
reduced in quantities of data stored therein.

16. The method according to claim 14 wherein said
storing step comprises the step of storing a table of
individual times for particular geographic locations.

17. The method according to claim 14 wherein said
comparing step comprises the steps of computing time
data for particular geographic locations from the indi-
vidual times in said stored table, and comparing present
time in an individual day with the computed time data

for a particular geographic location.
i e £ - %
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